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Abstract
Weak radiative baryonic B decays B → B1B2γ mediated by the electromagnetic penguin process
b→ sγ have appreciable rates larger than their two-body counterparts B → B1B2. The branching
ratios for B− → Λp¯γ and B− → Ξ0Σ¯−γ are sizable, falling into the range of (1 ∼ 6) × 10−6
with the value preferred to be on the large side, and not far from the bottom baryon radiative
decays Λb → Λγ and Ξb → Ξγ due to the large short-distance enhancement for b → sγ penguin
transition and the large strong coupling of the anti-triplet bottom baryons with the B meson and
the light baryon. These penguin-induced radiative baryonic B decay modes should be accessible
by B factories.
1
1. Recently we have presented a systematical study of two-body and three-body charmful
and charmless baryonic B decays [1,2]. Branching ratios for charmless two-body modes are
in general very small, typically less than 10−6, except for the decays with a ∆ resonance
in the final state. In contrast, some of charmless three-body final states in which baryon-
antibaryon pair production is accompanied by a meson have rates larger than their two-body
counterparts, for example, Γ(B
0 → pn¯π−) > Γ(B− → np¯), Γ(B− → pp¯K−) > Γ(B0 → pp¯),
and Γ(B
0 → np¯π+) > Γ(B− → np¯). In [2] we have explained why these three-body modes
have branching ratios larger than the corresponding two-body ones.
In this short Letter, we would like to extend our study to the weak radiative baryonic B
decays B → B1B2γ. At a first sight, it appears that the bremsstrahlung process will lead
to Γ(B → B1B2γ) ∼ O(αem)Γ(B → B1B2) with αem being an electromagnetic fine-structure
constant and hence the radiative baryonic B decay is further suppressed than the two-body
counterpart, making its observation very difficult at the present level of sensitivity for B
factories. However, there is an important short-distance electromagnetic penguin transition
b→ sγ. Owing to the large top quark mass, the amplitude of b→ sγ is neither quark mixing
nor loop suppressed. Moreover, it is largely enhanced by QCD corrections. As a consequence,
the short-distance contribution due to the electromagnetic penguin diagram dominates over
the bremsstrahlung. This phenomenon is quite unique to the bottom hadrons which contain
a heavy b quark; such a magic short-distance enhancement does not occur in the systems
of charmed and strange hadrons. It has been suggested in [3] that charmless baryonic B
decays may be more prominent in association with a photon emission. We shall see that the
radiative baryonic B decays proceeded via the b → γ penguin transition indeed can have
appreciable rates larger than their two-body counterparts.
2. There are several two-body radiative decays of bottom hadrons proceeding through
the electromagnetic penguin mechanism b→ sγ:
Λ0b → Σ0γ, Λ0γ, Ξ0b → Ξ0γ, Ξ−b → Ξ−γ, Ω−b → Ω−γ. (1)
The radiative baryonic B decays of interest will be
B− → {Λp¯, Σ0p¯, Σ+∆¯−−, Σ−n¯, Ξ0Σ¯−, Ξ−Λ¯, Ξ−Σ¯0, Ω−Ξ¯0}γ,
B
0 → {Λn¯, Σ0n¯, Σ+p¯, Σ−∆¯+, Ξ0Λ¯, Ξ0Σ¯0, Ξ−Σ¯+, Ω−Ξ¯+}γ. (2)
Note that in our notation, ∆¯−− means the antiparticle of ∆++ and Σ¯+ the antiparticle of
Σ−.
Let us first consider the decay B− → Λp¯γ as an illustration. The short-distance b→ sγ
penguin contribution is depicted in Fig. 1. Since a direct evaluation of this diagram is
difficult, we shall instead evaluate the pole diagrams shown in Fig. 1. However, the meson
K∗ pole amplitude is expected to be suppressed as the intermediate K∗ state is far off mass
shell. Consequently, the baryon-baryon-K∗ coupling is subject to a large suppression due to
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FIG. 1. Quark and pole diagrams for B− → Λp¯γ.
the form-factor effects at large q2. Therefore, we will focus on the pole diagrams with the
strong process B− → {Λ(∗)b ,Σ0(∗)b } followed by the radiative transition {Λ(∗)b ,Σ0(∗)b } → Λγ.
Let us consider the Λb pole first. The corresponding pole amplitude is then given by
A(B− → Λp¯γ) = igΛb→B−p〈Λγ|HW |Λb〉
1
(pΛ + k)2 −m2Λb
u¯Λbγ5vp¯. (3)
The relevant Hamiltonian for the radiative b→ sγ transition is
HW = −GF√
2
V ∗tsVtbc
eff
7 O7, (4)
with
O7 =
e
8π2
mbs¯σµνF
µν(1 + γ5)b. (5)
The effective Wilson coefficient ceff7 includes the contributions from the QCD penguin oper-
ators O5 and O6. Therefore,
〈Λ(pΛ)γ(ε, k)|HW |Λb(pΛb)〉 = −i
GF√
2
e
8π2
V ∗tsVtb 2c
eff
7 mbε
µkν〈Λ|s¯σµν(1 + γ5)b|Λb〉. (6)
In order to evaluate the tensor matrix elements in Eq. (6), we consider the static heavy
b-quark limit so that γ0uΛb = uΛb. This leads to [4]
〈Λ|s¯iσ0i(1 + γ5)b|Λb〉 = 〈Λ|s¯γi(1− γ5)b|Λb〉, (7)
and
〈Λ|s¯iσ0i(1 + γ5)b|Λb〉ε0ki = 1
2
〈Λ|s¯γi(1− γ5)b|Λb〉(ε0ki − εik0). (8)
In terms of the baryon form factors defined by
〈B1(p1)|(V − A)µ|B2(p2)〉 = u¯1(p1)
{
fB1B21 (q
2)γµ + i
fB1B22 (q
2)
m1 +m2
σµνq
ν +
fB1B23 (q
2)
m1 +m2
qµ
−
[
gB1B21 (q
2)γµ + i
gB1B22 (q
2)
m1 +m2
σµνq
ν +
gB1B23 (q
2)
m1 +m2
qµ
]
γ5
}
u2(p2), (9)
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with q = p2 − p1, we obtain
〈Λ|s¯iσ0i(1 + γ5)b|Λb〉ε0ki = u¯Λiσ0iε0ki
[
fΛΛb1 (0)− fΛΛb2 (0)
+ gΛΛb1 (0)γ5 +
mΛb −mΛ
mΛb +mΛ
gΛΛb2 (0)γ5
]
uΛb. (10)
where uses of ~pΛb = 0 and the relation k
i(ε0ki − εik0) = 0 have been made.
Note that there is no contribution from the 1
2
−
intermediate state Λ∗b as the matrix element
〈Λ|s¯(1−γ5)b|Λ∗b〉 vanishes. Likewise, the pole states Σ0b and Σ0∗b also do not contribute under
the factorization approximation because the weak transition 〈Λ|b†sbb|Σ0(∗)b 〉 is prohibited in
the quark model as one can easily check using the baryon wave functions:
Λ↑b =
1√
6
[(bud− bdu)χA + (12) + (13)],
Σ0↑b =
1√
6
[(bud+ bdu)χs + (12) + (13)], (11)
Λ↑ =
1√
6
[(sud− sdu)χA + (12) + (13)],
where abcχs = (2a
↓b↑c↑−a↑b↑c↓−a↑b↓c↑)/√6, abcχA = (a↑b↑c↓−a↑b↓c↑)/
√
2, and (ij) means
permutation for the quark in place i with the quark in place j. Hence, only the intermediate
state Λb makes contributions to the pole amplitude.
Putting everything together, the pole amplitude reads
A(B− → Λp¯γ) = −igΛb→B−p u¯Λ(a+ bγ5)σµνεµkν
p/Λ + k/+mΛb
(pΛ + k)2 −m2Λb
γ5vp¯, (12)
with
a =
GF√
2
e
8π2
2ceff7 mbVtbV
∗
ts [f
ΛΛb
1 (0)− fΛΛb2 (0)],
b =
GF√
2
e
8π2
2ceff7 mbVtbV
∗
ts
[
gΛΛb1 (0) +
mΛb −mΛ
mΛb +mΛ
gΛΛb2 (0)
]
. (13)
For the heavy-light form factors fΛΛbi and g
ΛΛb
i , we will follow [5] to apply the nonrelativistic
quark model to evaluate the weak current-induced baryon form factors at zero recoil in the
rest frame of the heavy parent baryon, where the quark model is most trustworthy. This
quark model approach has the merit that it is applicable to heavy-to-heavy and heavy-to-
light baryonic transitions at maximum q2. Following [6] we have
fΛΛb1 (q
2
m) = g
ΛΛb
1 (q
2
m) = 0.64, f
ΛΛb
2 (q
2
m) = g
ΛΛb
3 (q
2
m) = −0.31,
fΛΛb3 (q
2
m) = g
ΛΛb
2 (q
2
m) = −0.10, (14)
for Λb − Λ transition at zero recoil q2m = (mΛb − mΛ)2. Since the calculation for the q2
dependence of form factors is beyond the scope of the non-relativistic quark model, we will
follow the conventional practice to assume a pole dominance for the form-factor q2 behavior:
4
f(q2) = f(q2m)
(
1− q2m/m2V
1− q2/m2V
)n
, g(q2) = g(q2m)
(
1− q2m/m2A
1− q2/m2A
)n
, (15)
where mV (mA) is the pole mass of the vector (axial-vector) meson with the same quantum
number as the current under consideration. Conventionally, only monopole (n = 1) and
dipole (n = 2) q2 dependence for baryon form factors is considered. A recent calculation of
the baryon Isgur-Wise function for Λb − Λc transition in [7] indicates that a monopole q2
dependence is favored. This is further supported by a recent first observation of B− → pp¯K−
by Belle [8] which also favors n = 1 for the momentum dependence of baryon form factors
[2].
To compute the branching ratio we shall use the effective Wilson coefficient ceff7 (mb) =
−0.31 (see, e.g. [9]), the running quark mass mb(mb) = 4.4 GeV and the pole masses mV =
5.42 GeV and mA = 5.86 GeV. For quark mixing matrix elements, we use |Vub/Vcb| = 0.085
and the unitarity angle γ = 60◦. For the strong coupling gΛb→B−p, we note that a fit to
the measured branching ratio for the decay B− → Λcp¯π− implies a strong coupling gΛb→B−p
with the strength in the vicinity of order 16 [1]. Hence, we shall use |gΛb→B−p| = 16 as a
benchmarked value. The pole amplitude (12) leads to the branching ratio
B(B− → Λp¯γ) = 5.9× 10−6r (0.7× 10−6r) (16)
for n = 1 (n = 2), where r ≡ |gΛb→B−p/16|2. The decay rate of B
0 → Λn¯γ is the same
as B− → Λp¯γ. As noted in passing, the preferred form-factor momentum dependence is of
the monopole form which implies that B− → Λp¯γ has a magnitude as large as 10−5. For
comparison, we also show the branching ratio for Λb → Λγ:
B(Λb → Λγ) = 1.9× 10−5 (2.3× 10−6) (17)
for n = 1 (n = 2), which is calculated using the formula
Γ(Λb → Λγ) = 1
8π
(
m2Λb −m2Λ
mΛb
)3
(|a|2 + |b|2). (18)
The weak radiative decay Λb → Λγ has been discussed in [10,5,11–13] with the predicted
branching ratio spanned in the range of (0.2 − 1.5) × 10−5. We see that the magnitude of
B− → Λp¯γ is close to that of Λb → Λγ. In [2] we have shown that 2.2 × 10−7 < B(B− →
Λp¯) < 4.4 × 10−7 where the upper bound corresponds to ΓPV = ΓPC and the lower bound
to ΓPV = 0, where the subscript PV (PC) denotes the parity-violating (parity-conserving)
decay rate. Hence, it is safe to conclude that
Γ(Λb → Λγ) > Γ(B− → Λp¯γ) > Γ(B− → Λp¯). (19)
Thus far we have not considered next-to-leading order (NLO) radiative corrections and
1/mb power corrections. It has been pointed out recently that NLO corrections to B → K∗γ
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yields an 80% enhancement of its decay rate [9,14]. It is thus interesting to see how important
the NLO correction is for the radiative decays Λb → Λγ and B− → Λp¯γ.
3. Let us study other radiative decays listed in (2). For B → ΣN¯γ, it receives contri-
butions from the Σb pole state, while there are two intermediate baryon states in the pole
diagrams for B → ΞBsγ: the anti-triplet bottom baryon Ξb and the sextet Ξ′b. There are
two essential unknown physical quantities: strong couplings and baryon form factors. For
strong couplings we will follow [15,16] to adopt the 3P0 quark-pair-creation model in which
the qq¯ pair is created from the vacuum with vacuum quantum numbers 3P0. We shall apply
this model to estimate the relative strong coupling strength and choose |gΛb→B−p| = 16 as a
benchmarked value for the absolute coupling strength. The results are (for a calculational
detail, see [2])
gΛb→B−p = 3
√
3 gΣ0
b
→B−p = 3
√
3 g
Σ0
b
→B
0
n
= −3
√
3
2
g
Σ+
b
→B
0
p
= −3
√
3
2
gΣ−
b
→B−n, (20)
and
gΛb→B−p = gΞ0b→B−Σ+ = gΞ−
b
→B
0
Σ−
=
√
2 g
Ξ0
b
→B
0
Σ0
=
√
2 gΞ−
b
→B−Σ0
=
√
6 g
Ξ0
b
→B
0
Λ
= −
√
6 gΞ−
b
→B−Λ = −3
√
2 g
Ξ
′0
b
→B
0
Λ
= 3
√
2 g
Ξ
′
−
b
→B−Λ
(21)
= 3
√
3 gΞ′0
b
→B−Σ+ = 3
√
3 g
Ξ
′
−
b
→B
0
Σ−
= 3
√
6 g
Ξ
′0
b
→B
0
Σ0
= 3
√
6 g
Ξ
′
−
b
→B−Σ0
.
We thus see that the anti-triplet bottom baryons Λb and Ξb have larger couplings than the
sextet ones Σb and Ξ
′
b. Therefore, the radiative decay B → ΣN¯γ is suppressed.
Form factors for Σb −Σ, Ξb − Ξ and Ξ′b −Ξ transitions at zero recoil can be obtained by
using Eq. (22) of [5]. To apply this equation one needs to know the relevant spin factor η
and the flavor factor NB1B2 (see [5] for detail). We find η = −13 , 1, −13 and NB1B2 = 1/
√
3,
1
√
2 and 1/
√
6, respectively, for above-mentioned three heavy-light baryonic transitions.
The resultant form factors at zero recoil are exhibited in Table I where we have applied the
baryon wave functions given in Eq. (A1) of [2]. For bottom baryons, we use the masses:
mΛb = 5.624 GeV [17], mΣb = 5.824 GeV, mΞb = 5.807 GeV and mΞ′b = 6.038 GeV [18].
TABLE I. Various baryon form factors at zero recoil.
Transition f1 f2 f3 g1 g2 g3
Σb − Σ 1.73 2.05 −1.70 −0.21 −0.03 0.11
Ξ′b − Ξ 1.17 1.43 −1.20 −0.16 0.04 0.10
Ξb − Ξ 0.83 −0.50 −0.19 0.83 −0.19 −0.50
Repeating the same calculation as before, we obtain
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B(B− → Ξ0Σ¯−γ) = 5.7× 10−6r (0.7× 10−6r),
B(B− → Ξ−Λ¯γ) = 1.2× 10−6r (1.4× 10−7r), (22)
B(B− → Σ−n¯γ) = 2.8× 10−8r (2.4× 10−9r),
for monopole (dipole) momentum dependence of baryon form factors. The decay rates of
other modes satisfy the relations
Γ(B− → Σ−n¯γ) = Γ(B0 → Σ+p¯γ) = 2Γ(B− → Σ0p¯γ) = 2Γ(B0 → Σ0n¯γ),
Γ(B− → Ξ0Σ¯−γ) = Γ(B0 → Ξ−Σ¯+γ) = 2Γ(B− → Ξ−Σ¯0γ) = 2Γ(B0 → Ξ0Σ¯0γ), (23)
and
Γ(B− → Ξ−Λ¯γ) = Γ(B0 → Ξ0Λ¯γ). (24)
As for the radiative decay of the bottom baryon Ξb, we obtain
Γ(Ξb → Ξγ) = 1.9× 10−17GeV (2.4× 10−18GeV) (25)
for n = 1 (n = 2). It follows that Γ(Ξb → Ξγ) = 1.9 Γ(Λb → Λγ).
4. We have shown that weak radiative baryonic B decays B → B1B2γ mediated by
the electromagnetic penguin process b → sγ can have rates larger than their two-body
counterparts B → B1B2. In particular, the branching ratios forB− → Λp¯γ andB− → Ξ0Σ¯−γ
are sizable, ranging from 1×10−6 to 6×10−6 with the value preferred to be on the large side,
and not far from the bottom baryon radiative decays Λb → Λγ and Ξb → Ξγ. The penguin-
induced radiative baryonic B decays should be detectable by B factories at the present level
of sensitivity. This is ascribed to the large short-distance enhancement for b → sγ penguin
transition and to the large strong coupling of the anti-triplet bottom baryons with the B
meson and the octet baryon. We conclude that radiative baryonic B decays are dominated
by the short-distance b→ sγ mechanism.
ACKNOWLEDGMENTS
One of us (H.Y.C.) wishes to thank C.N. Yang Institute for Theoretical Physics at SUNY
Stony Brook for its hospitality. This work was supported in part by the National Science
Council of R.O.C. under Grant Nos. NSC90-2112-M-001-047 and NSC90-2112-M-033-004.
7
REFERENCES
[1] H.Y. Cheng and K.C. Yang, hep-ph/0110263, to appear in Phys. Rev. D.
[2] H.Y. Cheng and K.C. Yang, hep-ph/0112245.
[3] W.S. Hou and A. Soni, Phys. Rev. Lett. 86, 4247 (2001).
[4] N. Isgur and M. Wise, Phys. Rev. D42, 2388 (1990).
[5] H.Y. Cheng and B. Tseng, Phys. Rev. D53, 1457 (1996).
[6] H.Y. Cheng, Phys. Rev. D56, 2799 (1997).
[7] M.A. Ivanov, J.G. Ko¨rner, V.E. Lyubovitskij, and A.G. Rusetsky, Phys. Rev. D59,
074016 (1999).
[8] Belle Collaboration, talk presented by H. Yamamoto at The Fifth KEK Topical Confer-
ence, Nov. 20-22, 2001.
[9] M. Beneke, T. Feldmann, and D. Seidel, Nucl. Phys. B612, 25 (2001).
[10] H.Y. Cheng, C.Y. Cheung, G.L. Lin, Y.C. Lin, T.M. Yan, and H.L. Yu, Phys. Rev. D51,
1199 (1995).
[11] P. Singer and D.X. Zhang, Phys. Lett. B383, 351 (1996).
[12] T. Mannel and S. Recksiegel, J. Phys. G24, 979 (1998).
[13] R. Mohanta, A.K. Giri, M.P. Khanna, M. Ishida, and S. Ishida, Prog. Theor. Phys. 102,
645 (1999).
[14] S.W. Bosch and G. Buchalla, hep-ph/0106081.
[15] A. Le Yaouanc, L. Oliver, O. Pe´ne, and J.-C. Raynal, Hadron Transitions in the Quark
Model (Gordon and Breach Science Publishers, 1988).
[16] M. Jarfi et al., Phys. Rev. D43, 1599 (1991); Phys. Lett. B237, 513 (1990).
[17] Particle Data Group, D.E. Groom et al., Eur. Phys. J, C15, 1 (2000).
[18] E. Jenkins, Phys. Rev. D55, 10 (1997).
8
